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(54) Title of the Invention: 

Method of Manufacturing Self-align Bipolar Transistor 

Abstract: 

A high-speed bipolar transistor that is widely used in next generation high-speed 
information processing systems, such as computers and communication devices, is provided. 
Particularly, a method of manufacturing a bipolar transistor is provided to self-align an emitter 
and a base by using a metal thin layer and to reduce a base parasitic resistance by performing a 
selective epitaxial lateral overgrowth on a silicon emitter electrode. The provided method uses 
a metal thin layer, such as a titanium silicide, as an inactive base so that the parasitic base 
resistance of a device is low. In addition, the provided method self-aligns the emitter and the 
base so that a reproducibility of the device is high and the size of the device is reduced to 
improve the integration of the device. 
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(54) XPI3M &^Xf e^xi^E|£J XIIS^S 



& ° e h ss s^u m±!J\J\ mm x\m\q\ saaej ai^oji yai oi§s:n &^xMbipoiar) m^xi^eh 

dl &m ?ZS1^M, 0V 01 El Idessi B^Sfepitaxial lateral overgrowth) 8101 01l0|Ei2f tfllOl^f 

xpis^£j:hi 6m aws oigstoi wioi^ 3ig*iers 3311 i^ai^j *>^x* ^xi^eh wis^soii a» xoip 

S Hlttg W0l±£ «f°|oi EjElfe ^aiAfOIHS ArSSPI (Di^OII ^X>2i }|*h HU0|£ XI 801 5}201, Oil 

01 El 2* bilOI^M XPISH AlIJo^Ai IHe!gO| ^12 ^Xf£] MOJ 4- 2J£r §§01 2|Q. 



CHM£ 




XiM£^ eeHHJ DI^OII £J6H HI^S ^X\ m&X\±E\9} 

X1I3£{= ^ ^9 Oil WB &^X> egHxi^6i£J UErfcH B^£. 

*JI4SES=r ^ ^TS Oil 2|& egHxi^QSI XJI^^SS ^xf^o^ UEltd ^§ 

^ srse s^eiu g^iPipi ^21 aiich saxnai Ai^goii yai oiesm 22^ ^ ^Xr(bipoiar) M^xi^Ei 

Oil &m 4!aie OilOlEi ®=>m 3r#§(epitaxial lateral overgrowth) or 01 Oil Q I El ST tHIOI^r 

XPISMa?!! or 3 OlgorOJ bilOl^r ^|^Xi*Kbase parasitic resistance)^ 331 ^A|!J fe^Xr M^Xi 

^ei ai^aoii &m 201c*. 

^EH°j 31^ § Oil 2I8H X1I2S2 X>P|§M gf^Xr ^?«XI^Ei£| UErtil 3jO|Q. 

0|£J ^£2| e^XI^QM BPI ^ioHAife. eiXi ^aie ?IB(1)0U ^ 10ato 

ms/ci* 0|#2j HfeSSJ nl SE^ pi g^g§ 0|£^£Jor01 Ai^(sub) ^^Ei(2)M m^o[H. ^*!Ei(3)M B2i 

» ^, ^Xr^EIM 6h5rS|(4)S l£*h D§, 2* 1Q>atofns/cnfe 0\&2\ nil SEfe pi i^i^ OlS^EJSr 

Oi mm& ^^(sinker)(5)M m&MB\H, rj||0|>: S|Bf(6)S 

OlOi, ^»SK7)3r i!S|9|(8)S £S3rH A|afB a§, B2§ ir^SOil 2JSH AIBie(9)S 39.AI.2l ^, 73 S H 

»£OH/H ^EJS(9)S 6»»A|.3I tf3W(10)« «SAiao S Ai 0||0|E|2f H|0|^(6)^ XPI Sg(self al igned)£| J\\ otH, 
a»^(8)3r ^Sr2fl7)i »B||k^2|& Cil, WI0|^(6) £r¥0|| S£SO| ®Dm ^£1^(11)^ SSSrlQ ^2|5 r 

0\ OflOIEfS iS^Q. 

Wi, SQ^(12)S SSoria ^2|or01 S^Q* SSISr ^(13)§ e^SrH ^2|5r01 ^XFS 
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bf2}^ XHISg/gOII 2JoH &> = X* egHXI^EIM IMZot^ §?, bl^£ MOI^ XrXHl XHt^OI e ^E|g(9)M M 
§5P! IH g Oil }|^ bHI Ot r±r XHtM^O! ££| = (9)£| XHUI![ fe^l 4'dia(9) §^ g^(13)Z*2| S^XH1J£| U)0| HHS ^ 
Xf°J H^IU gfeej iJCW £]|§ ^uF 4= (maximum oscillation frequency) ^£01 Xi o r £|Q1 , ^61 0| ^^Oil/d^ 4! E| ^ Oil 

oiehm i^sni ^ioh oi8^°j srsoi c»y i« k B ^die sjats &ssr s?, aiioi^ ^&M6)§ 1^5^ y ^oii 011 01 

El SJSJg ^^6H0f oh°^ ^sf°l(7)0il £]5H S^°JPje § Oil 01 EH-bHI 01 ± g &g & ( junct i on capacitan 

ce)0| ^IHSMI E+gO| °JCk 

SieOil 2fAi ^Xf^J ^J5{sl ^^^a^Al :£X>#£ g^OHl ^XHofe bilOl^ Xim&QS: tHlOJ^h H 

UOHlAi 0^|Q^ tHIOj ^ ^I^Xm^ Ci^ gO|3| ?| 6H bilOl^ S^o^ Cr^§ 4JEI^ 0161011 XHI>0| OH^ fcTS 
^2J, OIIM MS ElErs ^aiAfO|S(titanium si I icide)^°IM Argor^ ^§0{| CH5H SSTohPil 91 C} . 

XHI2£^= tHIO!^ ^^-m ejo>« A^orOI X1I2S9 &^Xr MgHXI^EHHl 751 UE^t" 30|EL 

SX-I, ^ai^ 3IB(21)0il °* 1Q : .atoms/cm 3 0|^2j EE^ i^il OlS^gJoKK Ai^(sub) g^|E|(22)M 

S^SHi, M^EH(23)M Bl§ ^, ^XF ?|» 6*£> 21(24)8 Cf§, 2* ^toms/cm, 0|^£| 

HJ ni SEfe i^il OI^^Q'oFOI i^'a £J 51 ( s i nker ) (25) M g£A|3|Il, tHI Of ^ SJBM26)S Hg*hCL 

OICH, 6!sf^(27)M 5cSSH2 /6i|0| EH §«S gsjsj M£gO| 1^9 CH§ £15(28)8 £S orin /(r£! 2 Ar S3 HI 
--o§2^ HH EH y DI, bll*£ W|0|^ S«0H I2^£°J i^il OlS^gJSKn 51^(29)3 £S gy ^2toK* * 
M&o\JL, U\m& miOi^ g^jif OilOIEH S^ei 3 &£ISB|( 28)^1011 ^aj^o^ ElEffe 4! £| AfO|H< t i tanium 
si I icide)(30)M g^^CL 

Q^, §^^(31)§ £5oQ &{2J8K)1 ¥S3 S2|S ^, ^(32)8 i^6U ^^oKX ^XFS &^^D. 

dr2f XjlS^SOj! SJoH ^^Xf Egnxi^EHM Xil^Sfe S^. bl^^ fcHIOI^S ^£ ^°|oj E | Ehfe ^ Ej AfOI 

^(30)S AFgo^l IK g Oil ^I^XHi^e ^^o^XISt, 0]|0|EH 2^°J Cf^§ 4IEIS(28)S AFS^AF 5§2^ §Slo^ 
ShOI bl^^ MOI^ S^OI i^9H£ Dr^a S§gO|| °J oH XH^^OI XJM££i Of^^XIS CI3§ ^El 

S(28)J» *3 6.^21(29)011 ^J6H §^3 e Oil 0| EH-Ui|0|^ junct ion capaci tance) 0| gXHoMI 

&§0| 

S r^XF2j 91^ b\\0\± 7$W0\ XH^^OI ^201, 0Hi0|Ej2} WIOI^M X>^|§^ AI^SSAI ^ rfcXFSJ H 

^is eoi fe^ ^ sin, oiioia-mioi>: s^g^oi sre ^^xi^eim xuss^ ^ai xn^or^Qi 21 
a. 

*JI3£^ S CHI 0>EI ^T^Xf e^xi^EHS] 951 UEItH ^OiD. 

eiXH, ^Eie ^ie(41)0|| °* 1Q 0 atoms/ciTb 0|^£l ng Sfe M^g^ Olg^^JoK^ /HM(sub) ^^|6i(42)M 

21 SEb g^il OlS^gJoK)! gkjEI „^5iUinker)(45) g ^^A I9|J2, H L01 ^ (46 ^ » Q f 

0|Oi, BSG(boro-si licate glass)^(47)e £SSh31 ^, 6>SJS[(48)S £SoHl^ XH E] 5K>j tJIS^ tfjlOj^ gg ^j 

Jg^rXboron)^ ^7§^^AT9^3Hj : ^ XH ^(ohinlc resisTan^^~»"5T IF^Ol™ ^sT^i48)S^ ^1 ^ 

Cttf848 SlO^d 01IO|El-bllO|^2i£| ¥«S^(leakage'current)M »X|5te S^mScT 



Pe, OIIOIQ 9^011 g^Si gAIOil S^SfpJAi ^IEiS(49)S 61^2? jl\#&Zm/#0\ ^^©(49)8 Df6B£ 

6KX BSG9|(47)S *A**Z\0\ 0||0|6i WlOliS 



ae, uie^ wioi^ oiioiei s^ei ^£1^21(49)^011 <ye^o^ eiei^ ^eimoih(5o)s g^su saei(5i) 
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m £5SQ ^otOj 3^(52)§ §s}6f^ *»^oKH ^XfM SJ^^CK 

UfaUH. «|g£ WIOI^S ^o|oj EIQfe MO!^(50)M Mfo[)l OH ^ Oil ^ttSI 31^ m0\± XHf^OI 

oiioiEi^ mioi^a x^ign Ai^og^ xh^^oi fen so\m mo\ 5|S£ES feU 4* SS0I °>D. 

&t£ a g ttSOHAtb ^£1^ Oil 01 El 8 ^ 6H gfg ^dl^ ^8 £ SIT 3^, HI2£CXI Ai 2|fer 3E| ^ 

tt»SM48)0|| °|oH OilOlEi g^Q j[_^^S| 91§ JlflagQII E JoH Oil DIE! g§3U §A|Oil Oil 0 1 El 2 

^(49)M £&SF°S, £Pl 6hS^B^(4B)0|| HJoH 0||0IEi 92*0||AtHV 0||0IEi~ttl|O|^: 91/ g^OI EXHoWl £|Oi 

£HI X-)l3£0il HFB £!A|0}I8 fl!4£(a)~ (f )8 SofOi ^9&a. 

EX-!, (a)i§§ ^aie ?I5H61)0H Sf 1Qbatoms/cm 3 0I#2| U^^SJ nti SE£r pi* i^ll 01S^£Jof01 A)«(sub) 8 
a| El (62)8 i^oQ, 8S]EU63)8 B^S ^, ^Xf^EIS 6hs}^(64)g g^£^ p§, ^ tCBtoms/cm 3 0| 

n^£H| pi* I^if OlS^gJoFOI 1»>E| ^^(sinker )(65)8 H£A|9|n, «||0|^ ^ej(66)8 

Cf§, 6SG(67)g £2gJ $t2| BS£0ia. 

(b)te (a)i§ ^0f| BSGSf(67)8 ^1^6^ &§fi|(68)£S 0^t>» (masking)^ * M^Ei ^|£J BJIOI^ StSJ8 A|2J6fte 3 

^ oil ^m^(69)m sssna ^ jh ?! s*& sgoia. 

¥011. feOI tf£|9|(69)8 ^oKH CHI 01 EH S^S §°lo^l ?|S s« £.^o>(69a, 69b) § g£ J? , D. 



(e)te (d)S§ ?0I| <y§j^2£ El Efn £B1 Af0|H(71)S Ugo^ 

(Ote (e)§§ ^Oil 8821(72)3 £56f2 ±?2J6K>I S^S^ ¥S§ 3SIB ^2J 

^PlOil^^ ^^A|0j[2J ^So[S2U £ 8*9 21 M^Oil 5!Oty0| St0| a^^l ^JAim 91^^ 01 gOlOil 

Xi^JB Xffe ^ 4^ 5<oia. 

01^ b^^OI S SIStS. b{^^ WIOI^:^ a|°jei ElEffe ^dlMOIH^ A*§otOt PI^S UH 

oi^: xisroi ^ooi, A|aie oiioiEi e^s Jif^ss^oi oiioiei^ Biioi^Df w^isgsi^i sssai xh^^ 

oi fen a^im eoi og^s}}} ^xfe Miss^a. 

BB, » ^SOilAi^ ^dlS OilOIEiM S^SPi ^ioH «9tt 3?, *lh£21 «}2£01IA12f^ ©El 

^»S^(48)0|| OilDlEi 9^011 ^3^^ BS§ J»^&^0il 2|6H S^a OlIOlEi SW8 SAIdl Oil 01 El S 

^(49)^ «P| ^»Sf(48)0|| °|8fl ^£|Q OflOIEI a^0||A|& OHOIH-WOI^ 3^ g^0| SJHS^I SOI 

§i/g^oi 39ii ^ofhs ^if£j n^nf g&^^oi §§oi aa. 

seb. oi#st^ paioii sgi^HS ^aie ^enxi^Ei^ ^oi^cHAi ah 

s§ sji^ ^xfHj ?n^oiaa. 

XI 8 CH» «fSA|3|Af £JEie eg«J|>iEi£| SSS^I^ S2?7>fXI ^^£1X1 9»Cf. 

se airs n^^xf^i sa?is a s&s^ oiuna e^ssfoi ^a»?f soie ^ei& g@! 



(c) ^ (b)i§ 

(d) fe [c)i§ 

01! 01 EH 
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S 1 ?^ 1. ^aia ^ie{41)(XI °* 1Q 0 atoms/cm 3 0I#£| ^2^££J ng I^ii 0|£^°'o f Oi AH« 3 a.' El (42) 

M |^8f2, gSliE|(43)2t ^Xt^lM 6.^S|(44)g * 2* 1_Qatoms/cnfe 0|#2| nl SEb pH S 

^li 0|£^gjor01 m^Ei £j5H(44)2| IHIOI^ ^(46)§ H£Jo r fe WIOI^ S|ttK46) %IOil BSG(boro- 

si I icate glass)^ f (67)S ^ AHEiyoKX HflOl^ S^JJJ U&S^s S^ofJl *s< 6*S|Sf(48)§ ii&orOl 

CHI 01 EH e^S^s §HJofe ^£|5(49)S 3lg§fr(epi taxial lateral overgrowth) orOJ Oil 01 

Ei2f Oil 0 1 EH eAICHI £§A|?J ~ , ^ei = (49)e 0r^:3^or01 BSG&M67)S ±-l^orO* 0tl0|Ei2c tfllOI^M 

J}D\^m AI5I^ E+^l : ^ £PI bll*£ bllOl^ S^B Oil 01 EH S^£i ^dlS(49) &¥0|| g^og EIE^ ^£|A r O|E 
(50) S ^^orJ2, 30S>(51) SES^ 3^BH£(52)SK=: 0|^OJ£! ^PlgH ^XI^EHHJ J(J|£gJS. 
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